Parent's perception of their children's health, quality of life and burden of diabetes: testing reliability and validity of 'Check your Health' by proxy Aim: To test the validity and reliability of the 'Check your Health by proxy' instrument in parents to children with diabetes aged 8-17 years. Methods: One hundred and ninety-one caregivers and their children, aged 8-17 years, were included. All completed the 'Check your Health' questionnaire measuring quality of life and burden of diabetes, DISABKIDS selfor proxy version, and 45 completed the same questionnaires 2 weeks later. Results: Test-retest reliability on the 'Check your Health' questionnaire by proxy was moderate to strong (r = 0.48-0.74), p < 0.002). Convergent validity was weak to moderate (r = 0.15-0.49, p < 0.05). The instrument showed acceptable discriminant validity. Parents reported lower scores than the children on emotional health and social relations and higher scores on physical and emotional burden and higher burden on quality of life. Poorer social relationships and quality of life were associated with higher reported disease severity. The diabetes burden domain of the questionnaire correlated to perceived severity of diabetes and to perceived health. Discriminant validity showed that poorer social relationships and quality of life were associated with higher severity of the disease. The diabetes burden domain of 'Check your Health' by proxy showed discriminant validity on perceived severity of diabetes. Conclusions: The instrument 'Check your Health' by proxy showed acceptable psychometric characteristics in parents to young people (8-17 years of age) with diabetes. We also concluded that parents reported that their children had lower health and higher burden of diabetes than the children did, and it correlated to reported disease severity.
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Background WHO's definition of health is: 'Health is a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity' (WHO 1948) . Nordenfeldt has a holistic approach in his theory of health, where a person does not need to achieve the WHO's utopian definition of health. He defined health: 'A person is in health if, and only if, he/she has the ability, given the circumstances, to fulfil all his vital goals. If this condition is not met he/she is in some degree of illness, the degree depending upon the number and to some extent the nature of the unfulfilled vital goals' (1) . This means that a person is in health when the person, in his/her context, achieves what is important. Health and disease affects an individual's ability to act. To achieve health, it is not enough to survive, but to live a good life with the conditions the individual has (2).
The International Society for Pediatric and Adolescent Diabetes advocates measuring perceived health and quality of life (QoL) routinely (3). The Diabetes Control and Complications Trial showed that good metabolic control is associated with decreased risk for late diabetes-related complications (4, 5) . Wikblad et al. (6) showed that better QoL in adults with type 1 diabetes is associated with better metabolic control and fewer hypoglycaemic events. Even in children and adolescents, good metabolic control is associated with better QoL (7). Viklund et al. (8) showed that poor metabolic control in adolescents is associated with lower physical and mental health and higher burden of diabetes. Parents' perception of their children's QoL is lower than the children's own reports (7, (9) (10) (11) (12) . For children and adolescents with type 1 diabetes, parental involvement is important and should be continued throughout the adolescent period to assure appropriate self-management and glycemic control. Shared diabetes management is associated with improved glycemic control, but the challenge is to find a level that is comfortable for all involved (13) (14) (15) . It is therefore important to measure the parent's perception of their children's QoL (13, 14, 16, 17) .
de Wit et al. (18) found nine questionnaires measuring QoL in children and adolescents, of which five were diabetes-specific. Two have been translated into Swedish and validated the DISABKIDS Chronic Generic Module-37 (DCGM-37), including the diabetes-specific module (DCGM-37 DM) (9) and PedsQL (19) . Both consist of a generic and a disease-specific module with a total of 50 and 51 questions, respectively (9, 19) . Both questionnaires have a parent proxy version. DCGM-37 has been validated in seven European countries, which strengthens the cross-cultural validity (20) . It is known that the response rate to a questionnaire decreases if it takes a long time to complete, and therefore, Wikblad et al. developed a short and easy questionnaire called 'Check your Health' (Fig. 1) (21, 22) .
The instrument is based on Nordenfeldt's theory of health, earlier research and clinical experience. In our studies, we have found that patients with diabetic late complications scored lower on quality of life than patients without complications (6) . This finding raised the question of burden of diabetes. Late complications seemed to be one reason for higher diabetes burden, but what other factors affect quality of life and burden of diabetes?
In a recent interview study (not yet published), 30 patients with diabetes were asked to fill in the Check your Health questionnaire and after that they were asked what the reason was for rating quality of life and burden of diabetes as they did. That gave us more reasons for higher burden of diabetes.
When meeting patients in the diabetes clinic several of them claimed, that 'if I didn't have diabetes I would have much better quality of life'. That was the start of the development of an instrument that could measure both quality of life and burden of diabetes. The instrument is validated for adults and adolescents (21, 23) . The unique aspect of this instrument is that it takes only a few minutes to complete and still measures diabetes burden.
The aim of this study was to test the validity and reliability of the 'Check your Health' by proxy instrument in parents to children with diabetes aged 8-17 years. Based on previous findings, we hypothesised that parents would report lower general QoL than the children themselves and that higher glycosylated haemoglobin (HbA 1c ) and more serious disease would be correlated with lower selfreported health and higher burden of diabetes.
Methods

Participants
The study aimed to include 200 parents and their children with diabetes consecutively recruited from three children's diabetes centres in Stockholm, Sweden, at an ordinary visit to the clinic. Inclusion criteria were children aged 8-17 years, who had suffered from diabetes for more than 6 months and one of their parents. Neither the children nor the parents had difficulties understanding written Swedish. Participation was voluntary, and written informed consent was obtained from patients and parents.
Measures
'Check your Health' by proxy 'Check your Health' is an instrument measuring perceived physical and emotional health, social relations and general QoL. It consists of four vertical scales ranging from 0 to 100. Each scale indicates current health, social relations or QoL, and on the opposite side, respondents mark how they imagine it without diabetes. Burden of diabetes is the difference between real and imagined state ( Fig. 1 ). When the difference resulted in a positive value, it was interpreted as zero. The marginal values for no (0), low (1-10), high (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) or very high burden (>30) are arbitrary. Test-retest reliability has been found to be satisfactory in adults and adolescents aged 12-17 years (21, 23) . The consistency was good in adults (21) , and convergent validity was moderate (0.27 and 0.66) in adolescents (23) .
DCGM-37 by proxy and DCGM-37 DM by proxy
The 'Check your Health' by proxy instrument was compared with DCGM-37 by proxy (20, 24) and DCGM-37 DM by proxy (25) . DCGM-37 and DCGM-37 DM use Likert-type scales ranging from 1 to 5. The responses were transformed, resulting in scores ranging from 0 to 100. The generic module includes 37 questions representing three different domains, each of which is divided into two facets: physical (physical ability and treatment), mental (independence and inner strength) and social (inclusion and equality). The total score indicates general QoL. The diabetes module includes 10 questions divided into two domains: diabetes acceptance and diabetes treatment (9) and three questions describing perceived illness severity, for example, 'How often did the child have problems with their diabetes during the last year?', 'How difficult has the child's diabetes been during the last year?' and 'When did the child last have a severe hypoglycaemic event?'. From these questions, a mean value was calculated, and in this study, perceived illness severity was arbitrarily divided into 'low' (mean raw score 1-3) and 'high' (mean raw score [4] [5] . Two versions of the questionnaire were used, one to be completed by children and adolescents between 8 and 17 years of age and the other by a parent. Test-retest reliability has been found satisfactory (ICC 0.71-0.83), and internal consistency was satisfactory for all the dimensions (Cronbach's alpha coefficients 0.70-0.87) (24) . The diabetes-specific module has been tested in different countries in Europe on 207 people with diabetes. Internal consistency was satisfactory for both domains (Cronbach's alpha 0.83 and 0.84) (25) .
HbA 1c
HbA1c (glycosylated haemoglobin A1c) was measured using DCA Vantage, Siemens (Siemens Healthcare Diagnostics AB, Upplands Vä sby, Sweden). The normal reference for children between 6 months and 18 years is 31-38.6 mmol/mol (26) . The group deviation was based on International Society for Pediatric and Adolescent Diabetes (ISPAD) guidelines 2014 (<58 mmol/mol, 58-75 mmol/mol and >75 mmol/mol) (27) .
Data collection
The parent or caregiver and the child completed the questionnaires DCGM-37, DCGM-37-DM and 'Check your Health' proxy and child version independently, before or after a regular visit to the clinic. Forty-five of 197 children and parents completed the same questionnaires 2 weeks later at home and returned the retest by mail. To receive a reliable coefficient, short-term (less than 1-2 month) retest is preferable because of actual changes in attribute being measured (28) . Information on HbA 1c , duration and medical treatment was collected from the patients' medical records.
Statistics
The statistical package SPSS (version 21; IBM, Stockholm, Sweden) was used for all analyses. Age, HbA 1c and diabetes duration had a normal distribution, so mean values (95% CI) were used. We found a non-normal distribution in the results from 'Check your Health', so median values and range were used. To show score distribution, floor (0) and ceiling effects (100) were calculated. This is reported as percentage of parents scoring either 0 or 100. Reliability and convergent validity were analysed using Spearman's rank correlation. Mann-Whitney U-test was used to assess differences in independent samples and the Wilcoxon signed rank test to compare related samples (child-parent pairs). We graduated a correlation of 0.1-0.3 as weak, 0.4-0.6 moderate and 0.7-0.9 strong. The significance level was set to p < 0.05 (28) .
Results
We recruited 204 parents and their children with diabetes between the ages of 8 and 17 years. Seven were excluded: two children who had suffered from diabetes for less than 6 months, and two for over 17 years, and three had incomplete questionnaires, leaving 197 pairs with 95 (48.2%) boys and 102 (51.8%) girls. One hundred and eight were treated with multiple daily injections (54.8%) and 89 (45.2%) with continuous subcutaneous insulin infusion. Table 1 shows data for age, diabetes duration and HbA1c. Of the parents who responded to the questionnaires, 114 were mothers (57.9%), 68 were fathers (34.5%), six responses were from both parents (3%), six classified themselves as 'other' (3%), and three did not specify (1.5%).
Scoring
The parents reported a higher burden of diabetes for their children, than the children did on physical and emotional health and QoL. On perceived emotional health and QoL, parents reported lower scores than the children. There were no floor effects (parents scoring 0) on any of the four health dimensions, while the ceiling effect (parents scoring 100) ranged from 6.1 to 20.8%. There were no ceiling effects for burden of diabetes on any of the four health dimensions, while the floor effect ranged from 31 to 64.5% (no difference in how health, social relations or QoL are perceived now and imagined without diabetes) ( Table 2) .
Reliability
Test-retest reliability on 'Check your Health' by proxy for parents was moderate to strong. It was tested for parental perception of child's physical and emotional health, social relations and QoL with diabetes (0.49-0.54) and burden of diabetes (0.48-0.74) ( Table 3) .
Convergent and discriminant validity
Correlation between 'Check your Health' by proxy and DCGM-37 by proxy was weak to moderate (0.15-0.49) ( Table 4 ). The burden of diabetes from 'Check your Health' by proxy was compared with Diabetes Treatment and Diabetes acceptance in DCGM-37 DM by proxy and showed weak correlation (r s = À0.037 to À0.242).
Based on previous findings, we hypothesised that parents would report lower general QoL than the children themselves and that higher HbA 1c and more serious disease would be associated with lower self-reported health and higher burden of diabetes. Discriminant validity in the domain of perceived health showed that parents did report lower scores than the children on emotional health and social relations. In the diabetes burden domain of the 'Check your Health' by proxy instrument, parents reported a higher burden on physical and emotional health and QoL (Table 2) . No association was found between HbA 1c and self-reported health or burden of diabetes.
Discriminant validity showed that poorer social relationships and QoL were associated with higher severity of the disease. The diabetes burden domain of 'Check your Health' by proxy (emotional health, social relations and QoL) showed discriminant validity on perceived severity of diabetes (Table 5 ). There was an association between median scores of 'Check your Health' (perceived health, social relations and quality of life today) and burden of diabetes (Fig. 2) .
Discussion
This study aimed to test the validity and reliability of the proxy 'Check your Health' instrument in parents to children with type 1 diabetes. It was compared with DCGM-37 by proxy and showed weak to moderate 9-11, 19 ). Caregivers reported a higher burden than the children on physical and emotional health and QoL. The reliability was moderate to strong. Higher severity of the disease was associated with poorer social relationships and QoL. The participants were expected to be in a stable condition of disease; therefore, we chose to test the reliability with a test-retest, with no difference expected. (29) . The questionnaire was sent to the participants 2-4 weeks after the visit to the clinic. However, considering that questionnaire responses reflect current emotional state, responses may vary over time. For practical reasons, the parents filled out the questionnaire at various locations, which may also have been a reason for the difference (30) . We found that the correlation between test and retest on burden of diabetes was moderate to strong. Similar results have been shown in previous studies, especially those using similar methods (23) . The burden of diabetes seems to be more stable than current perceived health, social relations and QoL, and it may therefore be more correct to draw conclusions on that.
'Check your Health' has four domains measuring physical and emotional health, social relations and QoL. The respondents decide how they interpret the different domains. In DCGM-37, six to seven statements summarise each domain. The question is whether the parents interpret the different domains in the same way as the statements in DCGM-37. The physical domain has the weakest correlation; the same pattern was seen in the 'Check your Health' validation study for adolescents (23) . In adults, good consistency was detected (21) . In that study, the physical domain in 'Check your Health' was compared with one question from SF-36, which asks 'How is your general health today?'. That question may be closer to the domain in 'Check your Health'. Children and adolescents with diabetes seldom experience major physical problems with diabetes (9, 23). They do not usually have late complications from their disease. This might mean that statements such as whether they can run and move the way they want, and whether they sleep well despite their diabetes may become irrelevant. A teenager usually handles their insulin injections themselves. They may miss some doses, but they rarely need assistance apart from reminders. This may make some of the statements in the treatment subdomain irrelevant. 'Check your Health' probably measures health more generally than DCGM-37, which may be the reason for the weak correlation. Our results for children and adolescents The bold values show comparison between comparable modules in the different instruments.
are about the same as in a previous study validating the questionnaire for adolescents, except for emotional health, where the children scored higher in our study (23) . This may be because they were younger in our study. Quality of life in DCGM-37 is calculated as the average of the sum of all statements in the questionnaire. 'Check your Health' asks 'How happy is your child with life today?', graded on a scale from 0 to 100. It is questionable whether these two ways of measuring QoL are comparable and which is the most representative.
Limitations of this study were that it was difficult to find an appropriate questionnaire to perform the convergent validity tests against as there are few questionaries' translated to Swedish, and therefore, it was difficult to choose a suitable one to perform convergent validity. 'Check your Health' is only available in Swedish. It could be that the condition when visiting the hospital creates more worries and may explain differences in the results, test-retest.
Conclusion
The instrument 'Check your Health' by proxy showed acceptable psychometric characteristics in parents to young people (8-17 years of age) with diabetes. We also concluded that parents reported that their children had lower health and higher burden of diabetes than the children did, and it correlated to reported disease severity.
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